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The domain wall resistance was measured in an FePt wire with perpendicular magnetic anisotropy.
By the local heating with pulsed current through the wire, the magnetization in a notch of an FePt
wire can be selectively reversed. As a result, two domain walls can be created in the vicinity of the
notch. The domain wall resistance in this system is positive. The measured interface resistance per
domain wall is 2.610−16  m2, and is almost independent of temperature. © 2006 American
Institute of Physics. DOI: 10.1063/1.2170038I. INTRODUCTION
Domain walls DWs were considered to have negligible
effect on the resistance of 3d ferromagnets for a long time,
since the Fermi wavelengths in these metals are much shorter
than the DW width and the reflection probability of the con-
duction electrons by the DW is expected to be very small.1
However, the discovery of the giant magnetoresistance
effect2 and the successive interest in the spin-polarized trans-
port have drawn renewed attention to the resistance due to a
DW. Both positive and negative contributions of a DW to the
resistance have been reported.3–10 The main experimental
difficulty in measuring the DW resistance was the existence
of the anisotropic magnetoresistance AMR effect and the
Lorentz contribution inside the domains. Generally, electrical
transport in ferromagnets is dominated by these effects be-
cause of the low density of DWs and the small DW resis-
tance. Epitaxial films with strong perpendicular magnetic an-
isotropy, Ku, such as FePd8,10 and FePt9 are ideal systems for
the DW resistance measurements, since their strong Ku mini-
mizes the domain contribution described above. In these
films, the magnetization inside the domains is always per-
pendicular to the current, which keeps the AMR effect con-
stant.
In this article, we present results of resistance measure-
ments of a DW in an FePt wire, in which a simple magnetic
domain structure is realized by controlling the shape of the
wire. The DW resistance in this system is positive and it
shows weak temperature dependence.
II. EXPERIMENT
Figure 1 shows a schematic illustration of a top view of
the sample. An FePt magnetic wire with a width of 0.9 m
was patterned by means of an e-beam lithography and an ion
milling from 18-nm-thick L10-ordered FePt film grown di-
rectly onto a single crystalline MgO001 substrate. The
magnetization measurement showed that the FePt film has a
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has a notch with a width of 0.4 m. After fabrication of the
wire structure, Cu electrodes were attached to the FePt wire.
The resistance measurements were performed by a four-point
dc method with a measuring current of 100 A. A pair of Cu
electrodes near the notch were used as voltage probes. The
resistance of the part including the notch with a length of
1 m was measured. Magnetic domain structure of the
sample was observed by means of magnetic force micros-
copy MFM in the absence of a magnetic field at room
temperature. CoPtCr low moment probes were used in order
to minimize the influence of the stray field from the probe on
the DW in the wire.
III. RESULTS AND DISCUSSION
Figure 2a shows a MFM image of the sample after
applying a magnetic field of 4 T perpendicular to the sample
substrate. The region of the FePt wire was surrounded by a
white dashed line. The voltage probes near the notch cannot
be seen in this MFM image since they are made of nonmag-
netic Cu. The whole part of the FePt wire is dark, indicating
that the wire has a single domain structure. After the obser-
vation of Fig. 2a, a pulsed-current of 33 mA with duration
of 5 s was applied through the wire. Then, the bright part
appeared in the notch as shown in Fig. 2b. This shows thatFIG. 1. Schematic illustration of a top view of the sample.
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was created in the notch by the application of the pulsed
current. The magnetic domain structure depends on the ratio
of anisotropy to demagnetization energy: Q=2Ku / 0MS2,
with 0 the vacuum permeability and MS the saturated bulk
magnetization. The Q of our FePt film is estimated to be 4.
For Q1, stripe domains, which intersect the surface with
magnetization perpendicular to the film surface, are energeti-
cally favored.11 Hence, the MFM image in Fig. 2b is inter-
preted as a domain configuration with two ideal Bloch DWs
as illustrated in Fig. 2c. The DW width in our FePt wire, d,
is estimated to be 5 nm from the relation, d=A /Ku1/2,
where A is the exchange stiffness constant and A=1
10−11 J /m.12 The creation of the magnetic domain in the
notch is attributable to the increase of the temperature in the
notch by the Joule heating, which is caused by applying the
pulsed current. The current density in the notch is higher
than that in the other part of the wire and it reaches to 4.6
1012 A/m2 in the narrowest part. This high current density
raises the temperature in the notch region above the Curie
temperature of the FePt Tc=750 K, and the magnetization
in the notch is reversed by the stray field from the other part
of the wire when the notch region cools down. By utilizing
this local magnetization reversal by the pulsed current, we
can prepare two DWs in the vicinity of the notch with good
reproducibility.
The DW resistance measurements were carried out as
follows. First, a magnetic field of +4 T was applied perpen-
dicular to the substrate to saturate the magnetization in one
direction. Subsequently, a pulsed current of 33 mA with a
duration of 5 s was applied through the wire to introduce
two DWs in the vicinity of the notch by the local heating
method described in the above paragraph. Then, the resis-
tance of the sample was measured as a function of magnetic
field perpendicular to the substrate. The result at 300 K is
shown in Fig. 3. The initial resistance after applying the
pulsed current is indicated by R1, which includes the contri-
FIG. 2. a MFM image of the sample after applying a magnetic field of 4 T
perpendicular to the sample substrate, b MFM image of the sample after
applying a pulsed-current of 33 mA with a duration of 5 s through the
wire, c Schematic illustration of the magnetic domain structure corre-
sponds to Fig. 2b.bution of the two DWs. The steep decrease in resistance
Downloaded 14 Mar 2010 to 130.34.135.83. Redistribution subject to around 0.4 T corresponds to the annihilation of the DWs.
Then, the resistance returns to the different value, R2, from
R1. R2 corresponds to the resistance of the sample in the
absence of the DW. The background linear decrease in resis-
tance with the magnetic field can be attributed to the mag-
netic field suppression of spin-disorder scattering.13,14 Thus,
the resistance of one DW, RDW, is determined by RDW= R1
−R2 /2 by taking into account the existence of the two DWs
in the initial state. The high Q of our FePt film leads to an
ideal Bloch wall and hence the RDW should not include any
AMR effect.11 As clearly shown in Fig. 3, the domain wall
resistance is positive. RDW was determined to be
0.016±0.003  by repeating the same experiment seven
times. The variation in RDW is larger than the measurement
accuracy, indicating that the position of the DW is slightly
different in each measurement.
The measured resistance of 0.016  for this 5 nm thick
DW in the present sample corresponds to an interface resis-
tance of 2.610−16  m2, which is about three times larger
than the reported value for the 8 nm thick DW in the pat-
terned FePd film.10 This is consistent with the simple idea
that the narrower DW has a larger resistance since the nar-
rower DW can reflect the conduction electrons more effi-
ciently, although theoretical calculation is needed for quanti-
tative discussion.
Temperature dependence of the DW resistance was mea-
sured as follows. First, R1 was measured at each temperature
after an introduction of two DWs by the pulsed current.
Then, after the annihilation of the DWs by applying a mag-
netic field, the temperature dependence of R2 was measured
in the absence of a magnetic field. Temperature dependence
of RDW is shown in Fig. 4, which was obtained by calculating
RDW= R1−R2 /2 at each temperature. RDW shows weak tem-
perature dependence compared with the temperature depen-
dence of the resistance of the whole sample, which is shown
in the inset of Fig. 4. This result suggests that scatterings by
phonons and magnons, which are the main contributions to
the temperature dependence of the bulk resistance, do not
affect on the DW resistance. Considering that DW thickness
is enhanced at high temperature,12 one possible reason for
the slight increase in RDW with decreasing temperature is the
FIG. 3. Magneto-resistance of the sample as a function of magnetic field
perpendicular to the substrate after the introduction of two DWs by the
pulsed-current.reduction of the DW width.
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We have shown that the magnetization in the notch of
the FePt wire with perpendicular magnetic anisotropy can be
selectively reversed by local heating with pulsed current. As
a result, two DWs can be created in the vicinity of the notch.
The measured interface resistance per DW is 2.6
10−16  m2, which is about three times larger than the re-
ported value for the DW in the FePd film with smaller Ku,10
which is consistent with the simple idea that the narrower
DW has a larger resistance. The method presented here,
FIG. 4. Temperature dependence of the DW resistance, RDW. Inset: Tem-
perature dependence of the resistance of the whole sample.Downloaded 14 Mar 2010 to 130.34.135.83. Redistribution subject to which enables us to measure the DW resistance in a con-
trolled manner, will offer systematic and quantitative experi-
mental results on the DW resistance.
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